Introduction
Dry eye is a multifactorial, symptomatic disease associated with increased osmolarity of the tear film and ocular surface inflammation, which leads to ocular discomfort and visual disturbance. 1 This definition has evolved in recent years from the traditional classification of dry eye simply as a disorder of either insufficient tear production or excessive tear evaporation. 2 Dry eye disease is common and is currently estimated to affect 3.25 million women and 1.68 million men aged 50 years and over in the US. 3, 4 Dry eye has been shown to contribute to difficulties with everyday activities, including driving, using a computer, reading, and completing professional work. 5, 6 It is now understood that the tear-secreting glands and the ocular surface form an integrated functional lacrimal unit via sensory and autonomic nerves designed to maintain the health of the ocular surface. 1 Dysfunction in any component of this lacrimal unit leads to tear film instability and inflammation. An International Task Force of 17 dry eye specialists using a Delphi consensus technique has published treatment guidelines for dry eye based on four levels of dry eye severity. 7 There was consensus by the International Task Force panel that inflammation either triggers or maintains most cases of dry eye, even when inflammation is not clinically visible. Currently, artificial tears are the most common initial approach used to relieve symptoms in patients with mild dry eye. Antiinflammatory therapies, namely topical cyclosporine and corticosteroids, were recommended by the International Task Force for patients beginning at disease level 2 (moderate to severe symptoms, mild corneal staining, conjunctival staining) followed by options such as tetracyclines and punctal plugs beginning at disease level 3 (severe symptoms, marked or central corneal staining, filamentary keratitis). 7 Dry eye is one of the leading reasons for patient visits to eye care specialists. 8 Although topical cyclosporine ophthalmic emulsion 0.05% (Restasis ® ; Allergan, Inc., Irvine, CA, USA) was approved in 2003 to increase tear production in patients with reduced tear production presumed due to ocular inflammation, the patterns of clinical use of cyclosporine in dry eye disease have not been well defined. The primary objective of this study was to use a large US insurance claims database to evaluate the percentage of adults with dry eye as a primary or secondary diagnosis who filled a prescription for cyclosporine. Our hypothesis was that patients with a primary diagnosis of dry eye, as recorded by a physician, would be more likely to be treated with prescription treatment such as cyclosporine. Additionally, the study sought to define better the demographics and characteristics of dry eye patients who fill a prescription for cyclosporine, as well as to understand the patterns of prescription fills for both topical cyclosporine and other options prescribed to treat dry eye.
Materials and methods
The Truven Health MarketScan ® Commercial and Medicare Supplemental Databases for 2007 through 2010 were the sources of data for this study. The Truven Health MarketScan Commercial Database contains health claims records from individuals covered by employer-sponsored health insurance and their dependents. Pharmacy claims data include the date that a prescription medication was filled, dosage and quantity supplied, and cost of the medication. The Truven Health MarketScan Medicare Supplemental Database focuses on patients 65 years of age and over with standard Medicare coverage plus employer-paid commercial plans. The database includes both employer-paid and Medicare-paid components of health care. The databases are fully compliant with the Health Portability and Accountability Act of 1996, and all data included are deidentified to protect the privacy of patients and providers. Institutional review board approval of the study was not sought or required because, by US federal code, studies using databases that have anonymized all private information do not fall under institutional review board jurisdiction.
Medical claims data were reviewed to identify adult patients (18 years of age or older) who had a diagnosis of dry eye or who had punctal plug placement at an outpatient visit during the study period from January For categorization, primary dry eye patients were defined as patients with at least one primary diagnosis of dry eye coded at an outpatient visit over the study period. Patients who underwent placement of punctal plugs were also categorized as having primary dry eye, regardless of whether they had a primary or nonprimary dry eye diagnosis. Nonprimary dry eye patients were defined as patients with at least one nonprimary diagnosis and no primary diagnosis of dry eye over the study period. Claims for these patients identified dry eye only as a coexisting condition. A post hoc analysis was also performed in which a chronic primary dry eye subgroup was defined as patients with at least three outpatient visits separated by at least 3 months over 2 years, with dry eye identified as the primary diagnosis at each visit.
The primary endpoint was the percentage of patients with a primary dry eye diagnosis versus no primary dry eye diagnosis who filled a prescription for topical cyclosporine during the study period of 
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Cyclosporine treatment patterns in dry eye patients a cyclosporine prescription within 30 days of an outpatient visit with a dry eye diagnosis, the number of months' supply of cyclosporine filled over the course of 12 months after the initial fill, and the percentage of patients who filled only a single 30-day supply of topical cyclosporine. In addition, the use of other prescription therapies (oral tetracyclines, topical corticosteroids) and procedures (punctal plugs) for dry eye was evaluated and compared among the different categories of dry eye. SAS version 9.2 (SAS Institute Inc., Cary, NC, USA) was used for the data analysis. The data were summarized with description statistics. Categorical variables were compared with Pearson chi-square tests.
Results
A total of 576,416 dry eye patients (total dry eye group) met the study inclusion criteria and were included in the analysis. This total patient population included patients who had either at least one primary dry eye diagnosis, at least one nonprimary dry eye diagnosis, or a punctal plug placement over the course of 875,692 dry eye outpatient visits during the 2008-2009 study period. Insurance coverage consisted of an employersponsored commercial plan for 76.0% (438,337) of the patients and Medicare with an employer-provided Medicare Supplemental plan for 24.0% (138,079) of the patients.
Demographic characteristics of the dry eye patients are listed in Table 1 . Three quarters (74.7%) of the patients were female. Patients in the age range of 50-59 years represented 27.0% of the dry eye population, and most patients (64.2%) were in the age range of 40-69 years on the index date. A similar percentage of patients were in the 18-39 age range (17.7%) relative to the 70+ age range (18.1%).
Among the total study population, 84.4% (486,390) of patients were categorized as primary dry eye patients Table1 Demographics of all dry eye patients and dry eye patients treated with cyclosporine, n (%) Table 2) . A total of 480,111 (83.3%) patients received at least one primary diagnosis of dry eye during the study period. In addition, 6,279 (1.3%) patients received punctal plugs during the study period without any accompanying dry eye diagnosis but were also categorized as having primary dry eye. Dry eye was identified on medical claims as a nonprimary, coexisting condition in 15.6% (90,026) of the patients. A relatively small percentage of the patients (6.6%) met the study criteria for chronic primary dry eye. Overall, 14.4% of all dry eye patients filled at least one prescription for topical cyclosporine during the 2-year study period. Patients with a primary diagnosis of dry eye were more likely than patients with a nonprimary diagnosis of dry eye to be treated with cyclosporine, as 15.9% of patients with primary dry eye compared with 6.5% of patients with nonprimary dry eye filled one or more prescriptions for cyclosporine over the 2-year period (P,0.0001, Table 2 ). Patients with chronic primary dry eye were most apt to be treated with cyclosporine. Approximately half of the patients categorized with chronic primary dry eye (48.2%) filled one or more prescriptions for cyclosporine over the 2-year study period. Overall, primary dry eye patients were 2.8 times more likely to fill a prescription for cyclosporine within 30 days of a visit than nonprimary dry eye patients (10.4% versus 3.6%, P,0.0001, Table 2 ).
Of the 83,089 patients who filled a prescription for cyclosporine, 77,244 (93.0%) had a primary diagnosis of dry eye. The demographics of the patients who filled a prescription for cyclosporine (Table 1) were generally similar to those of all patients with dry eye, but an even higher percentage were female (83.8%). Patients in the age range of 50-59 years represented 31.3% of all patients who filled a prescription for cyclosporine.
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stonecipher et al A greater likelihood of cyclosporine prescription fill in primary dry eye than in nonprimary dry eye was also seen when the data were analyzed at the level of visits rather than patients. There were 875,692 dry eye visits in all, including 721,973 (82.4%) in which there was a primary diagnosis of dry eye or punctal plug placement and 153,719 (17.6%) in which the diagnosis of dry eye was identified as a coexisting condition. A prescription for cyclosporine was filled within 30 days after 8.4% of primary dry eye visits versus 4.7% of nonprimary dry eye visits (P,0.0001). Patients who filled a prescription for cyclosporine were seen at a mean of 1.54 ± 0.01 dry eye outpatient visits during the study period prior to receiving this medication. In the chronic primary dry eye subpopulation, patients had a mean of 2.22 ± 0.02 office visits prior to receiving and filling a prescription for topical cyclosporine.
Patterns of use of topical cyclosporine were evaluated among patients who filled at least one prescription for topical cyclosporine and had at least 12 months of follow-up data available after the first fill. A total of 62,801 patients satisfied these criteria for analysis ( Table 3 ). The mean months' supply of cyclosporine medication filled over 12 months for these patients was 4.44 ± 0.015 months, although 18.0% of all dry eye patients who filled a cyclosporine prescription only filled a 1-month supply over 12 months of follow-up. Among patients with a filled cyclosporine prescription, a greater percentage of nonprimary dry eye patients (22.8%) relative to the chronic primary subgroup of dry eye patients (10.9%) filled only a 1-month supply of medication during 12 months of follow-up (P,0.0001). Table 3 Adherence to cyclosporine based on drug supply for patients who filled at least one prescription and had 12 months of data available after the first date of cyclosporine fill
Patient group
Patients with $1 cyclosporine prescription fill and 12 months of data after first fill, n (% of total dry eye) Use of other medical treatments for dry eye, alone or in combination with cyclosporine, was evaluated. Over the 2-year study period, approximately one in ten patients filled a prescription for an oral tetracycline regardless of whether they were categorized as primary dry eye (10.7%) or nonprimary dry eye (9.2%, Table 4 ). Over the same period, 20.1% of primary dry eye patients and 15.0% of nonprimary dry eye patients filled at least one prescription for a topical corticosteroid (Table 4) . Patients who filled a prescription for topical cyclosporine were more likely to fill prescriptions for topical corticosteroids and oral tetracyclines over the 2-year study period. The topical corticosteroids most commonly filled by dry eye patients are listed in Table 5. A total of 61,039 patients had punctal plugs placed within the study period. Only 19,049 (31.2%) of these patients also filled a prescription for cyclosporine during the same 2-year period. A total of 9,903 of the patients who both filled a prescription for cyclosporine and had punctal plugs placed during 2008-2009 had data available for the 12 months before and after the first date of the plugs. Analysis of the timing of punctal plug placement and cyclosporine prescription fills in these patients showed that 59.0% of the patients filled a prescription for cyclosporine prior to punctal plug placement.
Overall, 38.5% of dry eye patients filled a prescription for topical cyclosporine, a topical corticosteroid, or an oral tetracycline, or underwent punctal plug placement during the study period (Table 6) . A prescription for topical cyclosporine, a topical corticosteroid, or an oral tetracycline was filled by 35.5% of primary dry eye patients compared 
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Cyclosporine treatment patterns in dry eye patients a Prescription fills of oral tetracycline or topical corticosteroid were during the 2-year period, not necessarily at the same time as the cyclosporine prescription fill, and not necessarily for dry eye. with 25.8% of nonprimary dry eye patients. In the chronic primary dry eye subset, 67.7% of patients filled a prescription for at least one of those three types of therapies (Table 6 ).
Discussion
The key role of inflammation in the pathogenesis of dry eye has been established in recent years based on analyses of inflammatory mediators and immunohistopathologic studies in animal models and dry eye patients, as well as through clinical trials of anti-inflammatory therapies. The present study was specifically designed to assess patterns of use of the anti-inflammatory therapy topical cyclosporine in dry eye patients. In this analysis of medical and pharmacy claims, 14.4% of dry eye patients filled a prescription for cyclosporine over the 2-year study period. The likelihood of dry eye patients receiving and filling a prescription for topical cyclosporine was dependent on whether they had ever been coded by a physician with dry eye as a primary diagnosis during any outpatient visit. In fact, patients with any primary diagnosis of dry eye were approximately 2.5 times more likely (15.9% versus 6.5%, P,0.0001) than patients with only a nonprimary diagnosis of dry eye to fill a cyclosporine prescription. The impact of the diagnosis of primary versus nonprimary dry eye was also seen on a per visit basis, as a prescription for cyclosporine was filled within 30 days after 8.4% of the primary dry eye visits versus 4.7% of the nonprimary dry eye visits (P,0.0001).
Dry eye is a chronic, progressive disease 9,10 that may require long-term therapy. Within the study period, a majority of dry eye patients did not fill a prescription for a common pharmaceutical intervention or receive a punctal plug to address their dry eye symptoms. Even in patients with primary dry eye based on physician diagnosis, only 40.7% of patients received a pharmaceutical or surgical intervention for their dry eye over the 2-year period. While the analysis does not take into account interventions done prior to or after the study period, these data suggest that the majority of dry eye patients are either undertreated or may rely predominantly on over-the-counter and nonprescription options not captured in a claims database. With the exception of patients with frequent visits to an ophthalmologist or optometrist with primary complaints of dry eye, defined in the present study as patients with at least three or more primary dry eye visits over the 2-year study period, the majority of dry eye patients do not receive and fill an intervention designed to treat the underlying inflammation of dry eye.
Beginning in patients with moderate dry eye disease, the International Task Force panel recommended the use of topical anti-inflammatory therapies even in cases in which inflammation is not clinically apparent. 7 While claims data did not provide information on the severity of dry eye, they did provide the opportunity to evaluate whether anti-inflammatory therapies were filled by dry eye patients. Overall, topical corticosteroids were filled by 15% of nonprimary dry eye patients and 20% of primary dry eye patients during the study period. Loteprednol, an ester corticosteroid, was the topical corticosteroid most commonly filled by the dry eye patients in this claims database. Prolonged use of any topical corticosteroid, even an ester corticosteroid, may lead to common corticosteroid side effects, such as elevated intraocular pressure. 11 Although the International Task submit your manuscript | www.dovepress.com
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Force panel did not recommend initiating oral tetracyclines until level 3 disease, 7 tetracylines are often utilized for their anti-inflammatory effects in addition to their antibacterial properties 12 and were utilized in approximately 11% of all dry eye patients.
Continued improvements in the objective clinical signs of dry eye occurred over the course of the 6-month Phase III trials of topical cyclosporine. 13 Follow-up studies have subsequently demonstrated improvements in standard dry eye endpoints, including mean Schirmer values, at 12 and 24 months with continued use. 9, 14 Topical cyclosporine thus offers a long-term therapeutic option for dry eye patients that targets underlying inflammation and is not associated with glaucoma or cataracts. In the present analysis, 18.0% of patients filled only a 1-month supply of topical cyclosporine, despite the fact that the Phase III trials were based on 6 months of continued use. While the reasons for treatment discontinuation in this claims analysis are not available, other studies have demonstrated that burning and stinging associated with initial use of topical cyclosporine are common reasons for early discontinuation. 15 Options previously reported to overcome this burning and stinging include patient education 15 and adjunctive use of short courses of topical corticosteroids at initiation of topical cyclosporine, particularly in patients with more severe dry eye. 16 The present study also sought to assess medication utilization within a subgroup of patients defined in this analysis as chronic primary dry eye patients, based on frequent visits over the study period specifically coded as primary dry eye visits. This patient population accounted for only 6.6% of all dry eye patients. While nearly half (48.2%) of this patient population filled a prescription for topical cyclosporine during the study period, the patients in this group tended to have a greater number of office visits for dry eye (2.22 visits versus 1.54 visits) relative to the overall dry eye population prior to receiving and filling a prescription for cyclosporine. Although the design of the current claims analysis study, based on a 2-year window in time, does not allow full assessment, the higher percentage use of this medication in association with a greater number of prior office visits may indicate that physicians are delaying anti-inflammatory treatments such as topical cyclosporine until later in the treatment algorithm. In this patient population, this simply led to repeat office visits prior to patients receiving this particular therapeutic option specifically indicated for increasing tear production.
Both the International Task Force guidelines for the treatment of dry eye 7 and the American Academy of Ophthalmology Preferred Practice guidelines for dry eye 17 recommend treatment with topical cyclosporine and/or topical corticosteroids prior to punctal plugs, because blocking tear drainage with punctal plugs may result in retention of inflammatory mediators on the ocular surface and exacerbation of ocular surface damage and patient discomfort. 7 In this study, approximately one third (31.2%) of the patients who had a punctal plug procedure during the 2008-2009 period also filled a prescription for cyclosporine. Analysis of the order of treatment showed that among patients who had both punctal plug placement and a prescription for cyclosporine filled, the prescription fill typically occurred prior to punctal plug placement (59% of patients), consistent with current guidelines.
This claims database study has several inherent limitations. As previously stated, claims analysis does not allow one to determine the severity of disease. The results reflect prescription fill patterns rather than prescribing patterns, as patients may have been given prescriptions and chosen not to fill them. Some patients may not have been included within the database for the entire 2-year period because of changes in the insurance provider. The definition of primary dry eye for purposes of this study required coding by a physician on only a single visit, and may have included patients with sporadic dry eye associated with environmental causes. In addition, time was a component of the definition of chronic dry eye used, such that chronic primary dry eye patients may have had more time in the study to receive a prescription. Adherence to cyclosporine treatment can only 
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Cyclosporine treatment patterns in dry eye patients be estimated from prescription fills, and the patient may not use a fresh vial each morning and night as prescribed, or use all of the vials of cyclosporine received. The timing and order of prescription fills for topical cyclosporine and other medications was not analyzed, and no information is available with respect to whether these treatments were used sequentially or concomitantly. Finally, it was assumed for purposes of this analysis that the use of oral tetracylines and topical corticosteroids was for dry eye, although none of these products are indicated to treat dry eye. In this retrospective claims study, 14.4% of dry eye patients filled at least one prescription for topical cyclosporine during the 2-year study period. This analysis demonstrates that dry eye patients seen on an outpatient visit in which dry eye is coded as the primary diagnosis for the visit are more likely to receive and fill a prescription for topical cyclosporine than those patients with dry eye complaints not coded as the primary reason for the outpatient visit. The demographics of those who fill a prescription for topical cyclosporine are similar to the demographics of patients with dry eye in general. Approximately one third of dry eye patients received an anti-inflammatory medication over the course of 2 years. The data included in this study reveal the habits of the patient and prescribing physician population, both of which are ever-changing. Studies such as this will help physicians better understand patient patterns in chronic disease processes such as dry eye disease.
